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$C(\alpha)$ $C$ $C$ $\alpha$
$L,$ $NL$ $NC^{i},$ $AC^{i}$
$NC^{1}\subseteq L\subseteq NL\prime\subseteq AC^{1}$
$NC^{1}(\alpha)\subseteq L(\alpha)\subseteq NL(\alpha)\subseteq AC^{1}(\alpha)$ (1)
[1, 2, 4, 8].




$L(\alpha)=AC^{0}(1-$STCONN, $\alpha)$ , (2)
$NL(\alpha)\subseteq AC^{0}($STCONN, $\alpha)$ .
$NC^{1}$ FORMVAL $L$ 1-STCONN
1 $NL$ STCONN
(2) $NL(\alpha)$ $NL$ ’ $(\alpha)=$
$AC^{0}($STCONN, $\alpha)$ $NL$ $NL$’ $(\alpha)$
$*1C^{\alpha}$
1849 2013 37-44 37
Immerman-Szelepcsenyi [3, 7] $NL$




$NC^{1}(\alpha)\subseteq LH(\alpha)\subseteq$ NLH$(\alpha)\subseteq AC^{1}(\alpha)$
$AC^{0}$ Aehlig, Cook, Nguyen
$NL$’ $(\alpha)=AC^{0}($STCONN, $\alpha)$ $NL$’ $(\alpha)$
Immerman-Szelepcs\’enyi [3, 7] $NL$
2
$NC^{i},$ $AC^{i},$ $AC^{0}(m),$ $TC^{0}$ Aehlig [1]
DLOGTIME
1. $AC^{i}(\alpha)$ $(resp. AC^{i}(m, \alpha),$ $TC^{0}(\alpha))$ $AC^{i}$ (resp. $AC^{i}(m)$ ,
$TC^{0})$ $NC^{i}(\alpha)$ 2 AND, 2 $OR,$
NOT, $O(\log^{i}(n))$ , $O(\log^{i-1}(n))$
$\alpha$ $x$ $x\in\alpha$ 1 $0$
$AC^{0}(\alpha)\subseteq AC^{0}(m, \alpha)\subseteq TC^{0}(\alpha)\subseteq NC^{1}(\alpha)\subseteq AC^{1}(\alpha)\subseteq\cdots\subseteq P(\alpha)$ .
$AC^{0}(m),$ $TC^{0},$ $NC^{1}$ $AC^{0}$ $AC^{0}(\alpha)$
2.




3$\alpha,$ $\beta$ ( ) $M$ $M$
2 $T_{\alpha},$ $T_{\beta}$









$( \alpha)=\bigcup_{i\in N}NLH_{i}(\alpha)$ .
$L(\alpha, \beta)$ $NL(\alpha, \beta)$
$\alpha,$
$\beta$ $o(\log(n))$ ( )
3.








$AC^{0}(m, \alpha)\subseteq TC^{0}(\alpha)\subseteq NC^{1}(\alpha)\subseteq LH(\alpha)\subseteq$ NLH $(\alpha)$
$AC$O
39
6 ( Immerman-Szelepcs\’enyi’ [3] [7]).
$NLH_{i}(\alpha)=co-NLH_{i}(\alpha)$
$\alpha,$
$\beta$ STCONN $L(\alpha, \beta)$ $NL(\alpha, \beta)$
STCONN $\in cxNL$ $NL(\alpha, \beta)\subseteq co-NL(\alpha, \beta)$ . $NL(\alpha, \beta)=$
$co-NL(\alpha, \beta)$ . $i$ $NLH_{i}(\alpha)=co-NLH_{i}(\alpha)$ .
$L^{2}H(\alpha)$ $O(\log^{2})$ , $n^{0(1)}$
7 ( Savitch [6]).
NLH$(\alpha)\subseteq L^{2}H(\alpha)$
STCONN $\in L^{2},$ $AC^{0}(\alpha)\subseteq LH(\alpha)$ $AC^{0}($STCONN, $\alpha)$ $L^{2}H(\alpha)$
4 NLH $(\alpha)=AC^{0}($STCONN, $\alpha)$ $LH(\alpha)=AC^{0}(1-$STCONN, $\alpha)$
(1) NLH$(\alpha)\supseteq AC^{0}($STCONN, $\alpha)$
$i$ $AC^{0}($STCONN, $\alpha)$ NLHi $(\alpha)$
1 AND, $OR$, NOT, STCONN, $\alpha$
$NL(\alpha)$ $i>1$ $i-1$
$NLH_{i-1}(\alpha)$
(2) NLH$(\alpha)\subseteq AC^{0}($STCONN, $\alpha)$
$NLH_{i}(\alpha)\subseteq AC^{0}($STCONN, $\alpha)$
8. $\beta$
$NL(\alpha, \beta)\subseteq AC^{0}($STCONN, $\alpha, \beta)$
$i=0$ STCONN $AC^{0}$ $NL$ NLHo $(\alpha)\subseteq AC^{0}($STCONN) .
$NLH_{i}(\alpha)\subseteq AC^{0}($ STCONN, $\alpha)$
$NLH_{i+1}(\alpha)=NL(\alpha, NLH_{i}(\alpha))$
$\subseteq NL(\alpha, AC^{0}($STCONN, $\alpha)$ )
$\subseteq AC^{0}($STCONN, $\alpha, AC^{0}($STCONN, $\alpha)$ )
$=AC^{0}($STCONN, $\alpha)$ .









$M$ $M’$ $M’$ $T_{\alpha},$ $T_{\beta}$
$M$
$T_{\beta}$ $T_{\alpha}\neq\epsilon$ $u$ $M$ $\alpha$
$\beta$
$T_{\beta}$ $M$ $M$ $\beta$
$M’$ $T_{\alpha}$
$u$ $M$ $\beta$ $M$
$M$ $\alpha$ $\alpha$ $T_{\alpha}$











( ) $n$ $M$
$p$
$u_{1}=$ START, $u_{2}=$ ACCEPT, $u_{3},$ $\ldots,$ $u_{p(n)}$
$G^{0}$
$\alpha$ $\beta$ $G^{0}$
$u$ $u$ $u’$ $G^{0}$






2. $u$ $\alpha$ $\alpha$ $u’$
1 $\alpha$ $\epsilon$ $AC^{0}(\alpha)$ 2
$M^{\alpha,\beta}$
$\alpha$ $\beta$
$(u, \epsilon, Q^{\beta}), (v_{0}, Q_{0}^{\alpha}, Q^{\beta}), \ldots, (v_{n}, Q_{n}^{\alpha}, Q^{\beta}), (u’, \epsilon, Q^{\beta})$
$Q_{i}^{\alpha},$ $Q^{\beta}$






STCONN$(u, v_{n}, G^{0})=1$ $Q_{n}^{\alpha}$ $x$ $G^{0}$
$AC^{0}($STCONN, $\alpha)$ $G^{\alpha^{arrow}}$ $x$ $AC^{0}($STCONN, $\alpha)$




2. $u$ $\alpha$ $\alpha$ $u’$
3. $u$ $\beta$ $\beta$ $u’$
1 $\alpha$ $\beta$ $AC^{0}(\alpha, \beta)$
$u$ $u’$ 2
$(u,\epsilon,\epsilon), (v_{0}, Q^{\alpha}, \epsilon), \ldots, (v_{n}, Q_{n}^{\alpha}, \epsilon), (u’, \epsilon, \epsilon)$
$Q_{i}^{\alpha}$ $\alpha$ $Q_{i}^{\alpha}\neq\epsilon$ . $v_{i}$ $v_{i+1}$
$\searrow$ $\beta$ $\beta$ $v_{i+1}$
$Qt=Q_{i+1}$ $x$ $G^{\alpha}$
$AC^{0}($STCONN, $\beta)$ $v_{0},$ $\ldots,$ $v_{n}$ $Q_{n}^{\alpha}$ 3
$G$ $X$ $AC^{0}($STCONN, $\alpha, \beta)$






$LF_{i}$ $NLF_{i}$ $LF$ $= \bigcup_{i}LF_{i},$ $NLF_{i}=\cup\iota^{NLF}t$ $NLF_{i}\subseteq_{\backslash }NLH_{i}$
$NLF_{1}=$ $NL$ NLF $=$ NLH $=$ $NL$ . $LF$ $=L$





5 7 $LF(\alpha)$ , NLF $(\alpha)$
NLF $(\alpha)=AC^{0}($STCONN, $\alpha)$ $LF(\alpha)=AC^{0}(1-$STCONN, $\alpha)$
(1) NLF$(\alpha)\supseteq AC^{0}($STCONN, $\alpha)$
$i-1$ $i-1$




$u_{1}=$ START, $u_{2}=$ ACCEPT, $u_{3},$ $\ldots,$ $u_{p(n)}$
$i$ $M^{\alpha}(x)$ $G_{i}$ $G_{i}$ $V_{i}$
$u$ $E_{i}$ $u’$ $u$ $u$ $v’$
$(u, u’)\in E_{i}.$
1. $u$ $u’$






$u’$ $i$ STCONN$(G_{i}, u, u’)=1$
$h$ $M$ $\alpha$
STCONN $(G_{h},$ START, ACCEPT) $=1\Leftrightarrow M^{\alpha}(x)$
$G_{h}$ $x$ $AC^{o}($STCONN, $\alpha)$ NLF$(\alpha)\subseteq$
$AC^{0}($STCONN, $\alpha)$ .
$G_{i}$ $x$ $AC^{0}($STCONN, $\alpha)$ $G_{i}$




$E_{i}^{2}$ $AC^{0}($STCONN, $\alpha)$ $i=0$ $E_{0}^{2}=\emptyset.$ $u$
$(u, u’)\in E_{i}^{2}$ $u’$ STCONN$(G_{i-1}, u,$ ACCEPT)
$E_{i}^{2}$ $x$ $G_{i-1}$ $AC^{0}$ (STCONN)
$x$ $AC^{0}($STCONN, $\alpha)$
$E_{i}^{3}$ $AC^{0}($STCONN, $\alpha)$ $(u, u’)\in E_{i}^{3}$ $u$
$G_{i}^{q}-$ $u$ $u’$ $u$ $u’$
1. $u$ $u’$ ;
2. $u$ $u’$
1 $E_{i}^{1}$ $AC^{0}$ 2 $E_{i}^{2}$ $G_{i}^{q}$
$AC^{0}($STCONN, $\alpha)$ $u$ $Q_{u}$ $X$ $G_{i}^{q}$
$AC^{0}$ (STCONN) $E_{i}^{2}$ $X$ $AC^{0}($STCONN, $\alpha)$
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